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Abstract:

Fast pulsed reactors IBR-2 and IBR-30 are in routine use in the Labora-

tory of Neutron Physics, JINR, Dubna. Their today characteristics and performances
are reported. The IBR-2 in use for condensed matter research is mentioned. Some
results of nuclear physics experiments conducted during the recent years at the
IBR-30 reactor working with a linear accelerator as an injector are reviewed.

The fields of research under discussion are : p-wave neutron resonance spectroscopy
and parity nonconservation; differential scattering cross sections and p-wave neu-

tron strength functions; cascade

-transitions and peculiarities of the nuclear

structure; prompt ¥ -ray yields and characteristics of the U-235 fission induced

by resonance neutrons.

(neutron sources, pulsed reactors, polarized neutrons, parity violation, neutron
scattering, strength functions, gamma-ray spectrum, nuclear structure, fission

gamma-rays, fission fragments)

Introduction

Two periodically pulsed reactors IBR-30 /1/
and IBR-2 /2/ are in routine use in the Laborato-
ry of Neutron Physics of the Joint Institute for
Nuclear Research in Dubna, USSR. They are design-
ed for fundamental and applied research in the
field of neutron physics by the time-of-flight
method. The IBR-30was put into operation in June
1969, its design average thermal power being
30 kW. The IBR-2 reactor has been working at an
average power of 2 MW since 1984. It is the most
powerful source of pulsed neutrons for condensed

matter research. One may find recent reviews of
this field in the contributions to the Jamada Con-
ference /3/ and Alushta School /4/. Now the reac-
tor IBR-30 is in use for nuclear physics experi-
ments only. Scme of the reviews of these activi-
ties, for example,that given in /5/ are out of
date. This talk is intended to cover the new
physical results which have recently been obtain-
ed at the IBR-30.

Reactor Characteristics as for 1988

The IBR-2 is the pulsed reactor with liquid
sodium as a coolant, The pulsed thermal power is
1500 MW, pulse duration being 215 + 4 pusec and
pulse repetition rate 5 p.p.s, The instantaneous
thermal neutron flux from the surface of modera-
tors reaches 1016 an~2s~1, the total yield of
fast neutrons is 1017 s=1, The experiments are
conducted on 11 neutron beams using various spec-
trometers such as the diffractometers, inelastic
scattering and small angle scattering spectrome-
ters, special set-up for the polarization analy-
sis, etc.

The IBR-30 is the pulsed reactor of the first
generation, air cooled. Today it is working only
in a booster mode of operation by multiplying the
neutrons generated in the tungsten target of the
linac. The maximum energy of the linac is 40 MeV,
the pulsed current is 0.4 A, the pulse duration
is 1.7 jpsec at a repetition rate of 100 p.p.s.
The width of the reactor power pulse in this regi=
me is 4.5 ec at the multiplication of 200. The
total neutfon yield amounts to 5 x 1014 s~1, Eight
flight tubes are in use. The spectral density of
resonance neutrons is

7

(5) = 2.8 x O ol s, (1)
E L

where E 1is the neutron energy in eV and L is

the flight path in meters.

Polarized Neutrons, Parity Nonconservation
in Neutron Resonances

Polarized resonance neutrons were made avai-
lable by the proposal of their transmission
through a dynamically polarized proton filter /6/.
The method was first realized in Dubna with many
investigations with polarized neutrons to follow
/7/. At the beginning of the 80’s large parity vi-
olation effects in the resonances of 117sn, 8lpr,
1llcg and 13914 were discovered /8/. The question
is of the helicity dependence of neutron cross
section g’ (E)

em =g, ®[ 1+ FEh] , (2)

where Kk is the unit vector in the direction of
the neutron momentum, @ is the spin unit vector
and is the measure of the effect. The largest
& .value was found in the p-resonance of Lan-
thanum at =0.75ev, & = (7.3 +0.5) x 1072,
Several laboratories have joined this field of
research in the recent years and confirmed some
of the Dubna results/9,10,11/.

Recently a new search for the weak low energy
p-wave resonances has been undertaken at Dubna.
The resonances at Ep = 7.0 eV and 4.9 eV in the
targets of 113cd and 141lPr were found. The helicity
dependence of the total neutron cross section for
these resonances as well as for the known resonan-
ces of 93Nb was measured. The following P- values
were obtained (in 1072 units) : 3.7 + 5.2 (7.0 eV
113cq), 2.5 + 1.7 (4.9 ev 14lpr), -0.9 + 1.2
(35.8 eV 93Nb), 0.9 + 1.7 (42.2 eV 93Nb) /12/. The
effects if exist are below the experimental accu-
racy.

It is necessary to have in mind that the pa-
rity violation effects may besuppressed by the
mixing parameter X = [y, / [n, where [,
is the total neutron width ( fp = [nyy + r‘n‘,z)
which is the combination of the widths with the
total angular momentum j = 1/2 or 3/2 . The
mixing parameter, neutron Fh and total width [°
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for gamma-transitions with energy E y;, all of
them must be determined to derive the weak inte-
raction matrix element from the experiments. Refe-
rence /13/ has already reported about the first
steps in this direction made in Dubna. Neutron
gamma—-correlations were measured in 117gn inclu-
ding the fore-aft asymmetry for unpolarized neu-
trons and the analyzing power for capture of
transversely polarized neutrons. Recently the

ses. The corresponding summation spectrum is
shown in Fig. 3, where N stands for the counts
per channel and n is the channelss number. The
figures over peaks in Fig. 2 correspond to the -~
ray energies Ey in keV and in Fig. 3 to the
energies Eg of final states.

The total intensity IC2lC of the cascade
spectra may be calculated /19/ as

X o n - i
¥-ray yields for direct transitions from the re- r @& ) & - Ey)
. = gt r 4
sonances in targets 1leg and 113cd were measured I§§lc =K EZ_ By £ ,f +
/14/. The parameters deduced are listed in the g=1 F; (4)
Table. The mixing parameter x has not been de- m [ (. - Ey) [oclEy)
termined thus far. Additional measurements are " Bh''f ¥ ey
necessary. ] ("B Ty
Table. Parameters of p-Wave Resonances
- =7
Nucleus Egr eV J g r;, 10 ev T, mev Eg;r MeV r;i,meV
117
Sn 1.33 1.66(30) 180(18) 9.32 1.2(3)
13q 7.00 3.10(30) 160(20) 9.04 4.5(9)
ey 4.56 1 10.7(5) 163 (10) 9.46 4.0(8)
ey 6.95 a2 10.8(8) 143(13) 9.46 0

Neutron Scattering, p-Wave Neutron
Strength Functions

Average differential elastic scattering
cross sections for nuclei from the region 48€A
£ 144 were measured. The neutron energy interval
under study was from 20 to 300 keV. At such ener—
gies the contribution of p-wave to neutron cross
section is weak. One may use the following
decomposition

6(0) = (¢ /am[1 +wp (cos®) +
@)
+ W,P,(cos®)

where P (cosf)) and P2(cos€}) are the Legendre
polinomials, w; and” w, are the parameters
which are expresSed in /15,16/ through neutron
strength functions S°, s:l =1/2, 's:l =3/2
and phases of the potentia} scattering. Undoub-
tedly these measurements are of value for applied
sciences because of the contributed nuclear data-
They led also to the physical results on spin-or-
bital effects in the neutron strength functions.
The possibility of splitting of the 3p-maxi-
mum of the neutron strength function was discuss-
ed long ago, but was not established with certain-
ty. The authors of the work /15/ have done this.
They have determined the p-wave strength functi-
ons S;1 =1/2and sS4t =3/2 shown in Fig. 1 by
analysing their data with the use of eqg.(3).
Open points are nuclei with an odd mass number 3,
others for even-even nuclei, the Iorentz curves
are the fittings. Two different maxima are eviden-
tly present. The splitting is A A =12 + 4. The
similar effect is found in the dependence of ef-
fective radii Rl}z , R3}2 on the mass number:

Gamma-cascades, Nuclear Structure

New measurements of the two-quantum cascades
following the radiative capture of thermal neut-
rons were performed recently. The gamma-spectro-
meter used consisted of two large Ge(lI) detectors
of 140 a3 each /17,18/. Figure 2 shows an example
of the cascade spectrum Iyy obtained by the me-
thod of summation of amplitudes of coinciding pul-
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provided radiation widths and the level positions
are known or a statistical model is employed.
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Fig. 1. The p-wave neutron strength functions
versus mass number A
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Fig. 3. The summation spectra from the

Y74 (n, 2y )1 8ut.

In eq.(4) B means the neutron binding energy, g
and h designate the intermediate levels, n the
number of levels if a first quantum has the energy
Ey , m 1is the same in the case of a first quan-
tum having the energy (Ef ~ Ey), the coefficient
K is the normalization constant. The comparison
between the Ica%c and I intensities gives
way to a certain conclusion on the structure of
nuclear levels connected by two-quantum cascades.
The results obtained for the rare.-earth nuc-
lei are presented in Ref. /19/. As a rule Ic?lc
and ISXP differ from each other. For example, in
the cdse of the 175Yb and 179%Hf product nuclei
those groups of cascades are intensified which ha-
ve the intermediate energy values near to the po-
sitions of one—quasiparticle states of a deformed
Saxon-Woods potential; in the case of the 168gy
and 187Hf nuclei similar effects are connected
with the structure of the final states which are
the one-phonon states as a rule. Moreover, the in-
tense cascades are correlated with the neutron
width of the resonances which dominate the cap-
ture cross section at thermal energies. The re-
sults are interpreted as the increase of partial
¥ ~widths due to the existence of large one-
quasiparticle components in all three levels con-
nected by two quantum cascades. The level schemes

in the energy range up to 3 MeV are also presen-
ted in Ref. /19/.

Gamma-Rays from 235U Fission Induced
by Resonance Neutrons

An appropriate experimental apparatus was
installed at the Laboratory of Neutron Physics,
JINR, to study the mass and charge distributions
for the 235y fission induced by resonance neut-
rons. It consisted of a fast ionization chamber
(10 g 235U) and Ge(Li) spectrometer working in
coincidence /20/. The beam of resonance neutrons
at a distance of 57 m from the IBR-30 booster was
used for the measurements in the neutron energy
interval from 0.7 eV to 36 €V with the resolution
70 piks/m. Prompt ¥ -yields from excited states
of some fission fragments were measured by the
time-of-flight method. Figure 4 shows as an exam-—
ple the time-of-flight spectrum which corresponds
to the registration of the 199 keV quanta from the
144pa fragment. The figures over resonances are
the energies in eV.

The preliminary results obtained with this
technique are given in Ref. /21/. Gamma-yields
from 95gr, 100,1027r and 142,144,146Ba fragments
were compared with other fission characteristics
(obtained in different laboratories) such as the
averade kinetic energy, neutron multiplicity,
fragment angular anisotropy coefficients. Signifi-
cant correlations between these characteristics
have been found for 23 resolved resonances with
JT =47, It is known that the channels with K =1
and K = 2 dominate in such resonances and one may
intrdduce a quantit _rk=1 R=1 | K=2

- P S S VRV
to characterize a relative openness of the channel
with K = 1 in a given resonance A . In Ref, /21/
it was observed that many characteristics under
study correlate with Pyx , see, for example Fig.5.
This means that the admixture of the vibration fi-
ssion states with fixed J K values influences the
fission induced by resonance neutrons.

Summary
Nuclear Physics experiments of the Laboratory
of Neutron Physics in Dubna are conducted with
the aid of the pulsed reactor IBR-30 working in
the booster mode of operation. They are the time-
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Fig. 4. The time-of-flight spectrum of fission resonances in U
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Fig. 5. The ¥ -quanta yields (E__= 212 keV)
from J-OOerragment) from 235U reso-  14.
nances in dependence on parameter Py .
15.
of flight experiments in the field of high inten-
sity neutron spectroscopy at moderate resolution.
New directions of vresearch which exploit origi- 16.
nal experimental techniques and apparatuses crea-
ted in the last few years are briefly reviewed. 17.
These experiments are under further development.
18.
19.
20.
21.
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